A number of compounds have been reported to be capable of protecting cells to some extent against radiation damage from ultraviolet light. These include sodium acetate (Ellison, Erlanger, and Allen, 1955) , sodium azide (Berger et al., 1953) , pyruvate (Thompson, Mefferd, and Wyss, 1951; Heinmets, 1953) , urocanic acid (Leif and Herbert, 1960) , iodoacetate (Wainright and Nevill, 1955) , adenylic acid, guanylic acid, uridylic acid, uridine, uracil, adenine, nicotinic acid, nicotinamide adenine dinucleotide, adenosine triphosphate (Peacock and Nakamura, 1963) , cysteine (Shimazu and Tappel, 1964) , and some tricarboxylic acid cycle metabolites (Heinmets and Lehman, 1955 For experimental work, cells of H. wingei were grown at 28 C in shaken 250-ml flasks of a semidefined broth medium containing 3% glucose, 0.5% beef extract, and 0.5% KH2PO4 plus 0.05% of the test compound. A total of 17 flasks were prepared: one for each amino acid plus a control flask containing only the basal semidefined medium.
Materials. The following amino acids were used in this investigation: DL-histidine, DLmethionine, DL-cystine, and DL-cysteine, from Nutritional Biochemicals Corp., Cleveland, Ohio; and DL-norvaline, DL-alanine, DL-phenyalanine, DL-isoleucine, DL-threonine, DL-ethionine, DLvaline, DL-proline, DL-tryptophan, DL-tyrosine, DL-leucine, and DL-serine were withdrawn from the suspensions after 10, 11, 12, and 13 min of ultraviolet treatment, and were transferred to yeast extract-agar plates. These plates were incubated in the dark at 28 C for 60 hr.
Determination of protection afforded by the amino acids against ultraviolet inactivation. The amount of protection afforded was indicated by the numaber of colonies on the recovery plates Table 1 shows the number of colonies per plate, which indicates the number of surviving cells after 10, 11, 12, and 13 min of ultraviolet treatinent. In decreasing order of effectiveness, tryptophan, cystine, tyrosine, phenylalanine, leucine, cysteine, threonine, isoleucine, ethionine, norvaline, or histidine protects H. wingei to some extent against inactivating radiation.
Methionine or lproline confers little if any protection, and valine or serine makes the cells more sensitive. With the exception of cystine, the heterocyclic and aromatic amino acids generally appeared to be m-iore protective than the aliphatic compounds. A direct relationship exists between the concentration of the protective amino acid and the nunmber of surviving cells; however, this effect seems to diminish after reaching a concentration of 0.10%. Peacock and Nakamura (1963) reported similar results with various compounds used to reactivate or protect Shigella sonnei. None of the amino acids significantly increased the viable number of nonirradiated yeast cells. The data of Table 1 reveal some additional information which may help delineate the mechanism of action of these radiation-protective compounds. Based on the colony counts, the protective action of leucine is more than four times as great as that of isoleucine; tyrosine and phenylalanine appear to be about equally protective. This implies that structurally related compounds may or may not have similar modes of action. This position is further supported in the case of valine and norvaline, since the latter is rather strongly protective while the former actually causes an increased sensitivity toward ultraviolet light.
B3erger et a]. (1953) indicated that respiration inhibitors may reduce the ultraviolet sensitivity of cells by temporarily blocking or suppressing enzyme systems to the extent that they are unavailable for the sequence of reactions leading from the ultraviolet exposure to the inactivation of the cell. Cysteine, which is reported to be one of the best radiation protectors (Shimazu and Tappel, 1964) , is a respiration inhibitor in yeasts (Morris, 1958) . This suggests that in yeasts the protective role of cysteine may revolve around its respiration-inhibiting properties.
Cells of H. wingei which were grown in the presence of 0.05% serine revealed some cell-wall fragmentation. This structural aberration did not decrease viable-cell numbers; however, it may partially explain why serine increases the sensitivity of this organism.
Various amino acids have been found to be only moderately effective as reactivating agents in Escherichia coli (Heinmets et al., 1954) , indicating that protective or repair mechanisms differ somewhat in yeasts and bacteria. Amino acids may be strongly active as reactiving or protective agents in gram-positive organisms but only moderately active in this capacity in gram-negative organisms, since permeability factors of the former differ from those of the latter with respect to the passage of free amino acids across cell boundaries (Lamanna and Mallette, 1953) .
The diversity and the complexity of the metabolism of amino acids, as well as quantitative differences in their protective capacities, suggest that perhaps many protective mechanisms are operative. Although the mode of action of the protective compounds used in this study remains largely obscure, perhaps a dichotomy exists between protection and reactivation mechanisms. In either case, the net effect would be essentially 
